India's software industry presents the case of an internationally competitive high-tech industry from a developing economy. This paper takes the evolution of the industry in terms of human capital accumulation. The initial stock of human capital in India led to entry of TNCs, which triggers a cumulative process of further human capital accumulation through the market structure dynamics and spillovers. This paper develops a simple theory and tests the propositions empirically. The empirical analysis is based on both qualitative information collected through field interviews and econometric analysis of firm level panel data. There is significant evidence to the positive contribution of TNCs for the competitive evolution of the industry. 1 We are grateful DANIDA (The Danish Development Agency) for funding the research for this paper and to Akila Narayanan and B.V.Phani for research assistance and to the managers of the companies who provided us with the data and information about their units during our fieldwork in India.
Introduction
India's software industry presents the case of internationally competitive high-tech industry from a developing economy. India's exports of software services, which accounted for U.S $ 128 million in 1990-91 increased to $ 6.2 billion in 2000-01 (see Table 1 ). The industry's exports of services, which started at the low-end of data feeding, and onsite projects in the early and mid-80s have been moving up on the quality ladder of offshore development, niche products, and software consultancy services by the beginning of the new millenium (Nasscom Report, 2000, Table 2 ). All most all the major U.S and European IT firms have set up software development and R&D centers in India, especially in Bangalore. 3 The competitiveness of the industry is generally attributed to low cost of scientific and engineering manpower with English language skills (Heeks, 1996; Hanna, 1994) . The industry has been able to achieve export competitiveness without a domestic market base and inefficient input industries and infrastructure of telecommunications Patibandla, 1999, Patibandla, Kapur and Petersen, 2000) . The main critical input has been the human capital. The competitive dynamics of high technology industries, which are subject to rapid technological change in the international markets, are caused by more than just endowment of large pool of low cost skilled manpower. The interaction between the policy factors, openness to international trade and foreign direct investment, and local technological and financial institutions and firm level dynamics determine the technological evolution of high tech industries. This paper focuses on the issue of the role of TNCs in the technological evolution of India's software industry.
There is a large body of literature in development economics, which shows how openness of an economy is a source of growth for developing economies through technological, and informational externalities (spillovers) (Romer, 1986 (Romer, , 1990 Grossman and Helpman, 1991) . The benefits of externalities associated with openness are supposedly important for developing economies because major part of technological change and generation of new ideas takes place in developed economies with huge investments in research 3 In 1999-2000, 185 out of 500 Fortune companies outsoursed their software requirements to India (Naascom Report, 2001 ). and development. Openness facilitates technological diffusion owing to public goods nature of new ideas and technologies. TNCs are observed to be important transmitters of new technologies because their operations cause demonstration effect to local firms to imitate the best practices, technological and informational spillovers to local firms and workers (Branstetter, 2000 Aitken and Harrison, 1999 , Grossman and Helpman, 1991 , Branstetter, 2000 Kokko, 1994) .
However this process and the magnitude of the benefits depends on several conditions such as the endowment of local skills, technology institutions and market institutional conditions, local market size and technology level and activities of local firms and the policy factors. Furthermore, the extent of the net benefits depends on the nature of TNCs' operations, which in turn is governed by the conditions listed earlier. The nature of operations refers to local and export market focus and centralized Vs decentralized operations in terms of backward and forward linkages with the local economy (Dunning 1993; Archibugi and Iammarino, 1999) . To illustrate this, a TNCs that operates as a highly integrated unit in a developing economy with the main motive of taking advantage of low cost skilled labor for exports will cause lower benefits than a TNC that builds backward and forward linkages in the host economy. This issue is highly relevant to the case of India's software industry, as it has been mostly an export-oriented industry with relatively low local market focus.
The factors that determine FDI inflows into a high tech industry also govern the nature of the operations of TNCs. To illustrate an example, if the host economy possess low cost high skilled labor but lacks market institutions that protect intellectual property rights and institutions for contract formulations and enforcement makes TNCs to operate as closed and integrated units with purpose of utilizing low cost skilled labor mainly for exports. It will discourage TNCs from getting into joint ventures with input suppliers or outsourcing within the host economy for fear of appropriation of their technology by local firms. This in turn reduces the magnitude of potential spillovers.
The issue of spillovers is a part of economic growth process, which imply inter-temporal change in the economic factors. For example, spillovers increase skills of workers and under competitive input and product market conditions, it leads increase in wages and incomes. This in turn emanates incentive for local manpower to acquire industry specific skills, which increases the pool of local skilled manpower.
Furthermore, spillovers cause growth of the local industry, which in turn may change local market institutions for better. This in turn may provide further incentive for FDI inflow and change in the nature of operations of TNCs in the host economy, which can increase the magnitude of the spillovers over time.
This paper focuses on the issue of the effect of TNC operations in the Indian industry on human capital accumulation and consequent evolution of the industry. The theoretical framework is drawn from the recent developments in the endogenous growth theory pioneered by Romer (1986) and Lucas (1988) . The initial human capital, industrial and institutional endowments of the country determine the entry and nature of operations of TNCs. This, in turn, determines the dynamic process of further human capital accumulation and growth. In order to understand this dynamic process, we analyze the determinants of FDI into India's software industry and the contribution of TNCs to the evolution of the industry.
In Section 2, we present the theoretical model. In Section 3, we trace out the determinants of FDI in the Industry. The empirical analysis is made in Section 4, which illustrates the net benefits of FDI to the local economy. Section 5 provides the concluding remarks and policy implications. Appendix 1 provides the detailed background of the industry. The observations and conclusions are based on both secondary and primary data. The primary data and information was collected on the basis of extensive field interviews of TNCs and local firms located in Bangalore, Hyderabad and Delhi. The interviews were conducted on the basis of an extensive questionnaire. The field study covered 30 firms out of which 14 are TNCs and the rest are local firms.
The Theory:
Our theory draws from the endogenous growth theory of Romer (1986) and Lucas (1988) . It is set in the context of a human capital intensive high tech industry in a developing economy. As mentioned before, our focus is on the contribution of multinational investment to human capital accumulation and technological change.
We take the evolution of the industry in terms of increase in workers productivity and increase in the industry size. Increase in the industry size is taken as increase in employment and total revenues. Increase in total revenues is caused by increase in workers productivity over time and the scale effect of increase in number of skilled workers. Workers productivity is a function of capital accumulation and technological change. 4 Following Lucas (1988) we separate capital into physical capital and human capital. In the present case we focus on human capital accumulation although physical capital plays an essential but subsidiary role. This is quite germane, as the software industry is primarily a human capital intensive industry. Human capital takes place in schools, in research organizations and in the course of producing goods and engaging in trade (Lucas 1993 ). In Lucas model: Yj= A(H) F(Kj, Hj), Y is output, A represents technology as the scale variable, Kj stock of physical capital, Hj is stock of human capital. Technological change is a function of human capital. From this one can see a two-way causation between workers productivity and technological change. Level of human capital stock in terms of both numbers and level of skills determine the productivity. Human capital invested in research and development leads to new ideas, blueprints, which in turn further increase productivity. New ideas and technologies and learning by doing by economies associated with new technologies further enhance human capital accumulation (skill levels). Romer (1990) shows that an economy with a larger stock of human capital will experience faster economic growth.
The initial stock of human capital and a part of technological change are treated as exogenous i.e., technology brought-in by TNCs into the Indian industry developed in their home country operations. The technology brought in by TNCs is a function of initial stock of human capital, which could be treated as generated by the government investment in higher education and research and development. Entry of TNCs causes the dynamic process of endogenous technological change. We concentrate on the issue of technological spillovers in augmenting human capital formation as part of the endogenous growth process.
As it is well known in the literature, most of the technological change in terms of new products, ideas and blueprints are generated in the developed economies. A major part of the economic growth in developing 4 We do not deal with the issue of labor replacing technological change, we assume technological change can be neutral or skill worker augmenting.. economies is a matter of imitating new technologies. Open policies towards international trade and multinational investment is a major source of technological and knowledge externalities (spillovers) to developing economies. We examine the issue of externalities associated with TNCs operations in India.
Inter-temporal increase in human capital is treated as the growth process. We take the base year To. The investment and technology brought in by TNCs is a function of exogenously given stock of human capital at time period To. The stock of human capital at time To has been generated by the government investment in higher education and local industry dynamics. We take the output is produced for the international market which means there is no limit on the size of the market and large number of firms can enter. The technology brought in by TNCs at time To is similar to a scale effect in the production. This in turn engenders a dynamic process of growth. The kind or level of technology brought in by TNCs is a function of number of skilled workers and their level of skills at time To. The higher-end technology like investing in research and development causes higher degree of spillovers than low-end operations of TNCs such as data feeding and coding operations.
In Romer's (1990) model, spillovers of knowledge are main source of increasing returns to investment in human capital and research and development. This takes place owing to two main characteristics of innovations i.e., nonrivalrious and non-excludability conditions. Nonrivalry implies use of a new technology or a blueprint (or a new idea) does not preclude others from its use-there can be a simultaneous use by large number of agents. Larger the number of users larger is its aggregate value. International trade and investment increases the number of users. The non-excludability implies a new technology can not be fully appropriated by an innovator owing to spillovers and possible imitation by other agents in the economy. 5 Human capital accumulates partly due to spillovers associated with the nature of the 5 As shown by Romer (1990) nonrivalry has two important implications for the theory of growth. First, nonrival goods can be accumulated without bound on a percapita basis, whereas a piece of human capital such as the ability to add cannot. Each person has only a finite number of years that can be spent acquiring skills. Secondly, a nonrival good besets knowledge spillovers that is incomplete excludability. These two features of knowledge-unbounded growth and incomplete appropriability-cause long run sustained economic growth.
technologies brought in by TNCs and also deliberate efforts of TNCs in training and investing in education in the local industry and their linkages with local firms and input industries.
Proposition 1: Export oriented TNC cause higher spillover effects. Export markets relax domestic market size constraint and facilitates entry of large number of firms. Larger the number of firms higher is the spillover effect because larger number of TNCs brings in differentiated inputs and technologies of both the rivalrious and non-rivalrous kind. This in turn leads to higher to degree of spillovers to local industry and workers. Secondly, different TNCs train local workers on different technologies, which increases diverse range of skills.
Proposition 2: Following from the above observation, larger the number of firms higher are the incentives for workers to acquire both general and specialized skills. A small market size restricts number of firms to a few (especially if there are economies of scale). This in turn can give monopsony power to firms which makes them pay skilled workers wages at par with unskilled workers. This discourages skilled labor to acquire specialized skills (Rotemberg and Saloner, 2000) . Export orientation increases the market size and facilitates a large number of firms to enter the industry.
Proposition 3: Export oriented firms forming into a cluster cause faster aggregate human capital accumulation. High-tech industry cluster engenders agglomeration economies, which contributes to aggregate human capital accumulation. Agglomeration economies imply that for given inputs the output of an individual firm is larger is the aggregate output of other firms producing the same good in the same region. Export orientation relaxing the market size constraint increases the number of TNCs and local firms in a cluster. Increase in number of firms in a cluster enhances agglomeration economies. The cluster activity increases spillovers effects of diffusing technologies and new ideas with ease because concentration of large number of a high tech industry within a geographic region. This is especially more dominant if knowledge is tacit and uncodified (Baptista, 2000) which requires close interaction among skilled workers. Mobility of workers is easier in a cluster because costs of job search are lower owing to presence of large number of firms with complimentary skills. A cluster also facilitates firms to hire workers with experience and skills more suitable to the requirements in the context of rapid technological changes.
Mobility of skilled and experienced workers facilitates free flow of new ideas and knowledge, which in turn increases aggregate human capital formation (Saxenian, 1996) . Cluster also facilitates contracting out work to other firms depending on their complementary skills. The inter-firm linkages and cooperation increase spillovers. This is especially dominant if firms in the cluster are not competing for the small local market but are international trade oriented. This becomes even more significant if TNCs and local firms in the developing country are not competitors but have complimentary skills, which increases joint collaborations and cooperation between local firms and TNCs. (Kobrin, 1999) and generates knowledge spillovers in technology and organizational practices.
Proposition 5: Larger the technology gap between local firms and industry, lower is the realization of knowledge spillovers (Blomstrom and Sjoholm, 1999) . There are two public goods in the system-the knowledge spillovers and the government investment in higher education and research and development.
For private firms to utilize and absorb this knowledge, they have to make their own private efforts in research and development and training of employees (Cohen and Levinthal, 1989 , Coe and Helpman, 1995 , Kokko, 1996 . In a developing country in which there are market failures in investment in research and development by private agents owing to inefficient market institutions 6 spillovers from TNCs operations can be turned into effective public goods, if government matches it with its investment in public goods of higher education and research and development. In other words, government investment increases the absorbive capacity of the local industry. This can be more effective if it is done in cooperation with the private firms.
Proposition 6: TNC investments in the lower-end technology in a developing economy contribute negatively to human capital accumulation. Low wage cost of skilled labor facilitates TNCs to invest in lower end services, which leads to misutilization of human capital stock in a developing economy. This is similar to Romers (1987) argument that an increase in the total supply of labor causes negative spillover effects because it reduces the incentives for firms to discover and implement labor saving innovations that also have positive spillover effects on the production throughout the economy. If the cost of skilled labor is a lot lower than it prevailing in developed economies, TNC set up operations for the lower-end operations in developing countries. Lower-end technologies have low level learning economies on the job and also exhibit lower level of knowledge spillovers. This would lead to a net loss to the economy, if the similar skilled labor can be used in other activities with higher learning economies but similar or slightly lower current wage rate. In other words, TNCs by paying a slightly higher current wage than other sectors with higher learning economies can crowd out the other sectors, which have higher potential contribution to growth.
To recapitulate proposition 1, the above result has to seen in terms of market structure dynamics. If there are only a few firms and large supply of skilled labor, there is likelihood the skilled workers would be 6 Romer (1990) observes that that little human capital can be devoted to research is that research produces an input that is purchased by a sector that engages in monopoly pricing. The markup of price over marginal cost forces a wedge between the marginal social product of an input used in this sector and in market compensation.
utilized sub-optimally. As more firms enter the market, demand for skilled labor increases, which puts upward pressure in wages. This in turn induces firms to utilize skilled workers more productively.
Determinants of FDI in India's Software Industry
As mentioned in the section on theory, the initial endowment of human capital stock in the base year (To) determines entry of TNCs into the local industry. It also determines the nature of TNC operations in terms of technology they bring in and their backward and forward linkages with the local industry and firms.
Earlier, we have simplified it in terms of human capital stock. In the following, we discuss several other determinants apart from the labor market conditions, taking them as the initial conditions. In the later section, we trace out the contribution of TNCs to human capital accumulation and the other factors.
The primary motive for FDI in developing economies is to serve the growing local market and take advantage of low cost skilled and semi-skilled labor for the international market. Software products are information goods for which research and development and marketing costs are high but marginal costs of reproduction are close to zero (Shapiro and Varian, 1998) . Therefore in the case of software products, local production is not necessary for serving the local market irrespective of large market size because the transportation costs and marginal costs of reproduction of software products are close to zero. If the motive of TNCs is primarily to serve the local market they open sales and service offices for serving the local market. TNCs investment in the software development centers in a developing country would be primarily to take advantage of low cost skilled labor for software development and support of home operations. 7 But 7 The interesting aspect of the industry-there is two way flow of FDI. Large IT firms from the US and Europe invest in India for software programming and coding and research and development. Large Indian IT firms, invest in the Europe and the US for customer development and software consultancy services.
The later part could be through both standalone units and joint ventures of Indian firms with the major TNCs.
in the case of software consultancy services, and segments such telecom related software development, local market size is an important determinant of TNCs investment.
Endowment of low-cost skilled labor on its own would not result in FDI and its contribution to the development of the local economy. For TNCs to take full advantage of skilled manpower and contribute to its endowment, the endowment of skilled labor has to be supported by efficient market institutions, the government policies, and local technological institutions such as the universities and research institutions.
In the following, we illustrate these factors that govern TNCs investment. (Ghemawat, Patibandla and Coughlin, 1999) . It is done either by TNCs subsidiaries or by joint collaboration with local firms. In the case of research and development-TNCs operate both at the low-end and high-end R&D. At the lower-end of R&D, TNCs could get into joint collaboration with local firms by subcontracting out the work. At the higher-end, most of it is done in-house in the Indian subsidiaries with the R&D teams linked with home and other foreign operations. In telecom related software, TNCs such as
Nortell got into joint ventures with large local firms for R&D to make use of the complimentary skills of the local firms at low costs under carefully formulated contracts for protecting intellectual property rights (Basant and Chandra, and Mytelka, 1999) . As mentioned before, in the case of Telecom related software development both comparative advantage in low cost skilled labor and also the growing local market is the motives for MNC investment.
3.1.The Labor Market
Endowment of the skilled labor at the different levels determine the pattern of FDI in this industry and their nature of operations which in turn has implications on the evolution of the industry. The labor market dynamics in terms of supply response to changing demand and technology conditions is the crucial determinant of TNC investment. The labor market demand can be segregated into the following segments:
the international component or brain drain to the US and Europe, demand from the TNCs and large domestic firms which are mostly export oriented, and the small firms catering to local market needs. These segments are at different levels of skill intensity. India has about four premier management schools of world standards and several hundreds more producing management graduates. The top four schools produce about 1000 management graduates annually of high standards. Most of these graduates tend to have their first (bachelors) degree in engineering. These management graduates are highly beneficial for software firms, as they could understand the technology and commercialization of technology and business processes and organization and time management.
Software consultancy services require not only understanding of technology but also financial management and business concepts. In other words, the management graduates are a good source for project managers of high technology commercialization.
9 Large private firms in IT training are NIIT, APTECH, Tata Infotech, SSI, and STG followed by players
One of the other important aspects of the labor market that works in favor of TNCs is the large-scale inhouse training by the Indian large firms. On the basis of formal higher education and diploma training of graduates, Indian large firms impart in-house training in software related skills. For example, the largest Indian firm, Tata Consultancy Services has been investing about 10 per cent of its revenues on training manpower. Other large firms such as Infosys, NIIT, and Wipro invest significant amount on in-house training of employees. A large portion of these trained employees are attracted away by the TNCs in India and by the job market in the US and Europe. Especially employees with a few of years of experience as project managers are attracted away by the TNCs in India with highly attractive pay packages. As most of the training by the local firms is on general software skills, labor mobility across firms is easier. As the labor economics has shown, the more general is the on the job training, the mobility of trained workers is higher (Becker, 1964) . This advantage of attracting highly skilled workers gets magnified in the presence of technologically dynamic clusters as the cluster activity reduces the transaction costs of labor market significantly (Saxenian, 1996) . In India's case the software industry cluster in Bangalore supplies an attractive labor market to TNCs for their investments.
In the waterfall model of software development in which the output of one is the input to the other, the time zone difference between India and the United States provides an additional advantage to TNCs in the labor market in terms of organizing 24 hour employee shifts. This is especially important in the context of highly advanced communication infrastructure, which makes transfer of huge data across the borders at low cost and high speed.
Local Technology Institutions
Endowment of effective technology institutions compliments the skilled labor advantage significantly.
They will not only generate skilled workforce but also facilitate research development. Well-developed universities and research institutes facilitate TNCs to sponsor research and make use of the existing infrastructure for their research and development. Secondly, it helps them to promote their platforms, train people on their technology platforms. As mentioned earlier, under the past policy of import substitution the government of India made large-scale investments in science and technology. This led to creation of such as IBM, CMC, Petasoft and Datapro. clusters could be mainly export driven owing to low costs of skilled manpower (comparative advantage reasons). In such a case, local competitive rivalry is not a necessary condition. For example, the software industry cluster in Bangalore, India is export driven with minimal domestic market . Most TNC have set up development centers in Bangalore for supporting R&D activity in home base and for software development for global market. Given the focus of this paper, the germane point is that TNC investment in Research and 10 The large pool of skilled workers in the southern part of India, the Indian institute of Science and the high-tech public sector firms and entry of Texas Instruments and Hewlett and Packward in the mid eighties and the government support of infrastructure in terms of Software Technology
Parks contributed to the emergence of Bangalore as an effective cluster.
Development in India's software industry is motivated for taking advantage of low cost of skilled labor and also the strong external economies of a dynamic industry cluster.
Development Level of Local Industry and Firms
Technological development level of local industry and firms is one of the important determinants of TNC investment in a high-tech industry in a developing economy. (Basant, Chandra and Mytelka, 1998) . Matured local firms provide complementary skills.
Furthermore, it makes labor market dynamic-large number of highly developed firms provides workers to acquire both general and specialized skills. This in turn could cause mobility of skilled workers across firms facilitating technological dynamism as illustrated by Saxenian (1996) for the case of the Silicon Valley Cluster. The highly developed local firms facilitate TNC investment both at the lower end and higher end Research and Development in India's software industry. It leads to an effective process of technological collaborations between TNCs and local firms and among TNCs themselves. 
Domestic Market Size
As mentioned earlier, in the case of software products the domestic market size is not an important determinant of FDI for production because in the case of information goods marginal costs of reproduction and transportation costs are zero. TNCs would basically set up sales offices to serve the local market.
Similarly in the case of semi-conductor chips the transportation costs are negligible. If TNCs invest in production of these goods in a developing economy, it is basically to make use of low-cost skilled labor for 11 An interesting aspect of the Indian industry is TNCs such as Oracle collaborates with AT&T, and Nokia for development of telecom related software development in Bangalore.
their home and global production operations. However in the case of telecom related software development and software consultancy services, the size and growth potential of the local market becomes an important factor for FDI in production of goods and services in the local market. TNCs in the telecom related software such as Motorola and Nortel initially entered mostly for the making use of the skilled manpower for their home operations. In the recent years, the rapid growth of telecom market prompted them to expand their operations by including the local market into their calculations. One of the other possible factors for
TNCs investment in developing economies in the software industry could be technology lock-in strategy of leading TNCs. Several software products have high switching costs to consumers once they are trained on the technology, which locks them into the technology (Shapiro and Varian, 1998) . For example, despite large scale copy right violation of Windows operating system in China, Microsoft invests in China for locking-in large number of future customers (Patibandla, 2001 ).
The Policy Factors
The policy factors regarding openness to international trade, taxes and incentives, macro economic stability (exchange rate), infrastructure support and regulatory transparency and predictability are important determinant of TNC investment. As mentioned earlier, India followed a general import substitution policy till the early nineties, which put restrictions on imports and overvalued exchange rate a disincentive to exports. In 1984, the policy towards the software industry was made highly liberal in allowing 100 per cent owned TNC.subsidiaries, imports of hardware and software (Heeks, 1996) . The early nineties allowed duty-free imports of hardware and software. Foreign direct investment in this industry is highly encouraged by the tax incentives-no corporate income tax on exports. Furthermore, the government of India provided infrastructure support to the industry in terms of setting up of Software Technology Parks in major cities, which provided the industry with telecommunications infrastructure, power and roads and rapid clearances of the FDI proposals, and support for imports and exports.
STPIs provided not only the infrastructure necessary for exports but also procedural assistance such as project approval imports approval, boding and export certification. STPI at present has 19 centers in the country. Over 6,400 units are registered with the STPI, an autonomous society under the ministry of information technology. STPI has set up a business support center in Silicon Valley to assist Indian firms and the US companies wanting to invest in India. By 2000-2001, the exports from the SPTI amounted to about $ 4.3 billion dollars-close to 80 percent of total software exports from India.
In 1991, a series of promotional measures such as reduction in telecommunication charges for satellite links, duty free imports of telecommunication equipment into export processing units, excise duty exemptions, income tax exemptions on exports were implemented. Duties on software imports, which previously were at 110 per cent were reduced to 10 percent in 1995 and were eliminated in 1997. In the mid-nineties, the ministry of information technology was created in order to promote the industry- 
3.7.The Market Institutions
The market institutional factors such as property rights and transaction costs are important determinants of FDI in high-tech industries in developing economies. In the case of high-tech industries, the intellectual property rights of the copyright act are extremely important. As mentioned earlier, software products are information goods for which marginal costs of reproduction are close zero, which makes pirating, or counterfeiting very easy. The Indian copyright act of 1957 is based on the Berne Convention on Copyrights.
However the enforcement had been very weak till recently which caused wide spread counterfeiting. Till then most TNC came to India primarily to make use of low cost skilled workforce for software development for parent operations. The act was amended in 1995 to make it on par with the most modern law in the field under the initiation by the software industry association, NASSCOM. In the recent years, India's software industry association (NASSCOM) in cooperation with the government agencies undertakes the enforcement of the act (Ghemawat, Patibandla and Couglin 2000) . The growing importance of the domestic software industry provides an incentive to the government to undertake enforcement in an effective manner. Consequently, it provides the necessary institutional conditions for TNCs to invest in India for software development for the global market, Research and Development and for serving the growing local market.
If the prevailing institutions in a specific country cause the transaction costs of contracts very high, it will discourage FDI in these industries. Transaction costs are higher when it is highly costly to understand and foresee contingencies and to formulate contracts in a clear manner.
Furthermore, there have to be effective judiciary to monitor and enforce the contracts (Williamson, 1985) . The importance of formulation and enforcement of contracts is important when TNCs get into joint ventures with local firms in software development. Given the technology and intangible assets intensity of the products, the technology can be appropriated by local agents. Although, the Indian judiciary is independent body, the process of resolving disputes involves high market transaction costs. So far, the collaboration between local firms and TNCs appear to be based on mutual understanding and trust rather than legally formulated contracts.
One of the institutional factors behind the investment by MNC in high-end R&D is the democratic institution in which the governmental interference in the technological activity is absent. Investment in high end R&D requires a degree of secrecy and protection from leakage.
The manager of a large MNC (Motorola) which has set a large R&D center in Telecom related software development in Bangalore explained to us in the field interview that India's democratic institutions protect from the hazards of interference from governmental institutions and leakage of R&D secrets. 
Informational Imperfections and the Ethnic Network

Contribution of FDI for the Evolution of the Industry
The propositions developed in Section 2, are tested on the basis of qualitative information and data collected from our field interviews of executives of a sample of TNCs and Indian firms in Bangalore and
Hyderabad and Delhi. Later we undertake econometric testing of the hypotheses on the basis of firm level panel data.
The Analysis of Qualitative Information of the Field Study
To understand the contribution of TNCs to human capital accumulation qualitatively, we need to observe their nature of operations. In the following, we discuss a few case studies of TNC operations in India, drawn from our field interviews of managers of a sample of firms. To recapitulate, the field study covered were conducted with one and in few cases multiple meetings with the senior managers. In the following we discuss a few case studies. This is done to bring out certain broad general pattern of the nature of their operations and its implications on human capital accumulation and the growth of the industry.
As discussed in the Appendix 1 of the background of the industry, India's software industry started at lowend level of data feeding and coding and has been moving up on the quality ladder. In the initial years of the early and mid-80s, several companies from the West outsourced and set up units to undertake low-end work of data and coding and programming owing to low cost of large pool of skilled labor. However, over time, the market structure dynamics changed owing to large number of entrants both TNCs and local firms It has been mostly export oriented in terms of supporting the R&D work at the parent and their global R&D teams in countries such as Israel.
The TI subsidiary recruits high skilled labor through rigorous screening from the IITs and regional engineering colleges and the Indian Institute of Science. It has strong human resource practices in terms of flat organizational structure and team and individual based incentives for promotion. The employees are given stock options. Once recruited, employees are given on the project training. Due to its HR policies, the attrition rate is observed to be at 15 percent below the industry average of 30 percent. Since the R&D is done at a very high level of learning on the job to employees is very high. 13 Secondly, because of its highend R&D which requires strong synergy between different departments of chip designing and chip related software development it concentrates its work in one unit in Bangalore.
It developed strong linkages with the universities and research labs in and around Bangalore. It funded establishment of research labs in about 20 universities. It works with the professors in designing and 12 At this time the idea of Software Technology Parks was formulated to provide the statelite and other insfrastructure facilities to software exporting firms. 13 The Digital Signal Processor (DSP) chip was developed independently by the TI's subsidiary in Bangalore and it has been globally marketed.
upgrading the curriculum of engineering education. It is stated to be a very important element of its linkage with educational institutions as in several universities the curriculum is outdated. As it does high level R&D in chip designing and digital signal processing, it does not outsource its work much to local firms. It has some outsourcing to four or five firms for short term projects for which TI does not want to hire people.
The subsidiary, which started with about 23 engineers, employs about 500 highly trained engineers at present. According to the executive, it has plans to increase its operations to 1500 high skilled workforce in three years and offloading most of the R&D work to the unit in India. The main reason is large pool of Hewlett and Packard started its operations in 1989 in Bangalore with about 10 people. 14 At present, it employs about 1100 engineers. It has major plans for expansion. It has two types of independent operations: one to for software development and core Research and Development and the other is to market and sell H&P computer hardware in the growing Indian market. It has a duplicate R&D center in the city of Chennai (Madras) which was set up for active collaboration of research and development with the large Indian firm TCS (Tata Consultancy Services). H&P in India follow a very active and effective backward linkage policy with both local firms and the research institutions. It has developed strong tie-ups with both 14 Its coming to India is also partly responsible to a senior vice-president who is an expatriate Indian in its US unit.
large Indian firms (TCS) and also about 25 small firms. Its unique outsourcing model consists of three types as explained by the executive during the field interview: (1) outside specialists, (consultants etc), who are brought-in regularly work on special projects for short duration: (2) out-tasked-an Indian firm would be given a site in H&P to move in and work on a project and (3) outsourced -in which the project moves out to an India firm. These different models are adopted depending on the project needs.
It outsources some projects to a group of small companies who are selected under rigorous screening and bidding and are made to sign non-disclosure contracts. The firms are provided with H&P technology and some training to the employees. It deliberately selects small firms because entrepreneurs of small firms are highly motivated because their linkage with H&P is a strong source for establishing their standing and for growth. 15 Some of the problems it faces in outsourcing are delivery time, cost overruns and attrition issue of employees on a given project. In order to mitigate these risks some times it employs more than one firm on a similar task. Its operation in the Bangalore cluster facilitated its linkage with technologically strong small firms and its growth through partnerships with the local firms. This in turn results in strong spillovers to local firms and human capital accumulation through active movement of skilled workers.
The H&P subsidiary in Bangalore developed a strong linkage with the Indian Institute of Science in Bangalore for its R&D activities. Furthermore, it funds research in selected universities in and around Bangalore. It helps the selected colleges and universities in developing course curriculum, and elective courses. It has programs for training teachers 16 in these colleges. It has plans to expand its direct involvement in education and training. 15 One of the small firms, H&P supported in Bangalore has developed a product for internet technology and has become very successful. 16 According to the executive, one of the problems of labor market is the shortage of good teachers of information technology skills as most skilled teachers are absorbed by the industry offering higher salaries than the universities.
Primary motive to invest in R&D center in India is to make use of large pool of skilled personnel. Similar to H&P, Oracle has two types of operations, which are independent of each other-(1) sales and marketing to serve the growing local market and (2) software development and research and development.
In the first case, it is quite aggressive in promoting its technology with users in the Indian market-local Smaller Indian firms at the lower end of technology in India focus mostly on the domestic market in developing niche products and client services. In this case, leading TNCs such as Microsoft, Oracle has an incentive to provide free training and technology because these firms are instruments to spread their platforms in the Indian market.
The above discussion of the case studies provides qualitative evidence to the propositions listed in the Section 2. In the following we discuss the evidence with respect to the proposition 1 and 2 on the issue of the link between market structure, export orientation and human capital accumulation. As mentioned 19 Venture capital funding by TNCs can be a significant element of evolution of the industry as TNC are earlier, till the mid-80s, a few American and European firms outsourced low-end software development to India such as data feeding, and coding etc. Given the large pool of skilled labor at low costs and a small number of firms with monopsony power allowed firms to use highly skilled labor to mundane tasks. The entry of Texas instruments in 1985 and its successful R&D operation in Bangalore provided demonstration effect to other leading American IT firms to enter India for setting up of development center for supporting the parent companies operations. It gave a further fillip to the entry of both American and European IT firms to set up development centers. At present in the Bangalore cluster alone there are about 140 TNC development centers. They not only set up development centers but also expanded their Indian operations substantially. Simultaneously, several Indian firms came into the market grew rapidly mostly through exports to the American market. As discussed earlier, all most all the development centers of TNCs and Indian large firms are 100 percent export oriented to make use of the skilled labor in India for the international markets. The export orientation the firms relaxes the market size constraint and thereby facilitates entry of large number of large and small firms. All this has contributed to a rapid increase in demand for skilled labor with both general and specialized skills. Consequently, wage rate for skilled software professionals has been increasing at annual rate of 30 percent from the mid-90s. At present, there is an intense competition among TNCs and large Indian firms for skilled people with a few years of experience in project development and management. This has provided strong incentives for people to acquire both the general and specialized skills. The increase in demand for education led to private firms to enter the education market. From our interview with NIIT, a leading private IT training firm, it has plans for expansion even to smaller towns all over India. Apart from this, there has been increasing cooperation between the governments at the center and the state level and the leading TNCs and Indian firms to invest in higher education by setting institutions such as IIITs and expanding training in government institutions such as IITs and Regional Engineering colleges.
Furthermore, as illustrated earlier, most of the TNCs upgraded their operations in India to the technological frontiers of product development. For example, as gathered from our field study, several leading TNCs such as TI, Motorola, Nortell, Oracle, and Adope are working at the frontier of their technology in the geographically insensitive whereas a typical venture fund in the U.S is very provincial. See Dossani, 1999. Indian operations. 20 To illustrate an example, the Indian subsidiary Adobe India of US-based $1.2 billion Adobe System has developed Acrobat Reader for hand held devices from concept to the final product level at its R&D center in Noida. This software increases the efficiency of hand held devices and one load large PDF files on the hand held devises. The technological higher end operations of the TNCs give higher learning economies in human capital accumulation. Several of the TNCs executives told us that one of the reasons for they attracting the brightest graduates is exposure to the technology at the frontier in the Indian operations. All this put together, there is a significant contribution of TNCs for human capital formation both in scale in terms increasing number of skilled graduates and also upgradation of skills.
The negative side of this is that it inhibits the movement of small local firms into higher end operations.
Most of the high skill graduates prefer to work for the well-known TNCs for their brand name and technology and large Indian firms and also migrate to the US. Therefore the smaller and also several large
Indian firms have to do with low-end skilled manpower. Our field interview of Indian firms show that these firms hire from local engineering colleges, which are not at the higher level, impart training to them for three to four months. Some of the local firms make employees to sign a three-year job contract. With these skills the Indian firms can undertake software development only at the lower end. Secondly, the smaller firms become training grounds for the TNCs and firms in the US because once the workers gain enough experience they leave for working for TNCs and to the US.
In the case of proposition 3, software firms are concentrated in Bangalore, Chennai, and Hyderabad of the Southern India, Pune of Western India, and Gurgaon of the Northern India. Several TNCs and large Indian 20 In the beginning of 2001, US based majors like Cisco, IBM, GE and Ford announced investment plans worth over a billion US dollars for the following two years which is expected to create 10,000 IT professional jobs. General Electric is investing $100 million in Bangalore to build its largest R$D lab in the world, employing 2,600 scientists including more than 300 with Ph.D degrees. The technological evolution of the industry is supported by the fact that more than half of the software development centers in the world with Carnegie Mellon University's CMM Level-5 rating are located in India (Kapur and Ramamurti, 2001 ).
firms have multiple development centers in all these cities. As we gathered in our field interviews, since fixed costs of physical capital in this industry is very low, duplicating plants does not cause loss of economies of scale. Since the critical input is human capital, the multiple centers are set up to tap into locally available skilled workers. However, the development at the higher end of R&D work is concentrated in Bangalore owing to the strong agglomeration economies of the cluster. Of all these, Bangalore has become the most dynamic high-tech cluster for the reasons discussed in the Section 3 There is mobility of skilled workers among TNCs and local firms. As gathered from our field interviews, entrepreneurs who worked for TNCs and became successful innovators started a few new firms. A few
TNCs also functioned as ventured capitalists in supporting the start-ups. The export orientation of the cluster also makes the skilled workers to move in and out to the developed economies, which causes free flow of ideas and spillovers. In Bangalore, there are strong joint ventures and partnership agreements among TNCs and TNCs and local firms. This facilitates effective realization of technology spillovers.
In the case of the proposition (4) coding and data work, as we gather from our fieldwork, there is higher incidence of outsourcing to Indian firms. However, in the case of these operations, the learning economies are low owing to the low-end technology.
The Econometric Analysis
The objective of the econometric analysis is to test for whether the increasing presence of TNCs in India's software industry contributes positively to productivity of Indian software firms. As mentioned in Section 2, the main sources of productivity growth in the IT industry are human capital accumulation and 
The Conclusion
The striking feature of India's software industry is that it is a rapidly growing and internationally competitive high-tech industry from a developing economy. It currently employs about 300000 people and accounts for 2 percent of India's GDP and is expected to account for 7. IBM, Oracle etc. In broader terms, the US and other developed countries specialized in higher end products and services while developing countries such as India with low skilled labor costs focused on lower-end services such as support services, coding, maintenance, data feeding, systems software and utilities, and niche market packages (Ghemawat, Patibandla, Coughlin, 1999) . Software development can be characterized in terms of the waterfall model, which divides the development into (1) requirement analysis, (2) design (3) coding (4) testing (5) acceptance testing/implementation and (6) maintenance. The first two parts require high levels of skills and research and development. The later parts require lower levels of skills but are manpower intensive. The later part of the development is the one where most Indian firms and also major part of TNCs operations in India fall.
We briefly trace out the birth and growth of India's software industry in the following. Since its independence from the British in 1947 till 1991, India followed a development strategy of import substitution and planning. As a part of the import substitution strategy, the Indian government invested huge capital in setting up the public sector units in high technology areas such as the electronic industry and also it invested large amounts in higher technical education. During the second five-year plan , the Indian government launched a massive program of advanced technology training programs and set up the elite Indian Institutes of Technology and the regional engineering colleges. These institutes started to produce large pool of highly skilled technical manpower, which later on became the major source for the growth of the software industry. The graduates of these institutes have been providing skills for the local industry and also in building up the network (the ethnic ties) with the US information technology industry.
The import substitution policy, although it generated a large industrial base, generated public and private sector monopolies and caused all round inefficiencies. Consequently, the skilled graduates generated by the institutes could be not absorbed and utilized efficiently by the local industries. 22 This promoted a largescale brain drain to the US, which later became a strong source of the ethnic network to the Indian industry especially between the Silicon Valley and the Indian software industry (Saxenian, 1999) . Secondly, the general training in mathematics and engineering became a source of skilled manpower to the local industry.
Large-scale investment by the US government in the defense industry research in 1950s led to the birth of the US information technology industry. The birth of the Internet technology in 1980s also owed to the investments by the US defense department (Mackie-Mason and Varian, 1994) . Similar to the US industry, the birth of India's information technology industry owed to the public sector investments. The first computer was introduced in India in 1956 for use at the Indian Statistical Institute. Around mid-1960s, the government of India started a policy towards localizing production of computers. Towards this, the government set up the public sector firms, The Bharat Heavy Electronics in Bangalore. In 1968, the private sector firm, the Tata Consultancy Services (TCS) was created. In the initial years, it did software development for its own conglomerate group of firms and for the public sector units. In the early seventies, the department of electronics was created by the government to promote the IT industry. Around this time, a few private software vendor firms entered the industry to serve the public sector firms for custom software development. The government also initiated software-related training in the Indian Institute of Technology and universities. For promoting software exports, in 1972 hardware imports were permitted for use in software exports with the condition that the importer had a commitment to earn the foreign exchange for imports through software exports. Fortunately, the industry was not subjected to industrial licensing policies. The exit of IBM in 1977 from India also gave boost to the local private sector firms such as the TCS. As a result of the exit of IBM, the government of India set up the Computer Maintenance
Corporation. The closed-door and the industrial licensing policies restricted the growth and competitiveness of the computer hardware industry. But a by-product of the import substitution policies was the emergence of the software industry (Patibandla, Kapur and Petersen, 1999) . As the software imports were prohibited 22 Hirshman (1958:5) argued that the important factor in economic development was enlisting for during this period, private software firms initially operated as data entry operators in the domestic market by developing their own software (at very low level of sophistication) and processing data from clients into reports by purchasing one or two computers. Software exports, in the form of onsite projects, started to take place in the early eighties. Around this time, the government of India started to promote software exports by providing skills, infrastructure, and legal regulation and marketing assistance. By 1984, the policy was made liberal in allowing 100 percent foreign subsidiaries, imports of hardware and software (Heeks, 1996) .
In 1991, the government set up software technology parks (STP) in major cities such as Bangalore. The In 1991, the Indian government undertook the general reforms on the internal and external front for dismantling the import substitution regime. As part of this, the Indian rupee was devalued substantially which gave further incentive for software exports. Imports of telecommunication equipment, hardware and software products were liberalized and the STPs were provided with trade-openness. Consequently, software industry could reduce its dependence on the domestic hardware and telecommunication industry.
Large firms were able to build their own satellite connections with the clients overseas. As software is digital, satellite links facilitates exports of services with marginal communication and zero transportation costs. This prompted large Indian firms to reduce onsite projects and develop offshore projects through the satellite links. Consequently, since the early 90s software exports grew very rapidly at an annual average growth rate of 50 percent (see Table 1 ). As the industry has started to become a major wealth generator, the government of India amended the copyright act in 1995 to control software piracy. This gave an impetus for the growth of the domestic market and entry of TNCs for serving the local market in the later part of the 1990s. The above discussion shows the critical role of the government policy especially on the supply side in terms of investment in higher education, and infrastructure in the birth and the growth of the industry. On the demand side, the liberal trade-open policies on the external front especially directed at this development purposes resources and abilities that are hidden scattered or badly utilized.
industry from the relatively earlier stages contributed to its export competitiveness. Secondly, since the early-80s, multinational investment into the industry is highly encouraged without any restrictions on the foreign equity control. This led to entry of a large number of TNCs into the industry. By 2001, all most all the leading American and European IT firms have set up development centers in India.
Appendix 2: Measurement of Firm Level Productivity
Productivity is defined in terms of magnitude of output realized for any given level of inputs employed.
The production function frontier approach of Farrel (1957) is quite effective in measuring micro firm level relative productivity within an industry. The production relation can be expressed as:
where Y is a vector of input observations and X is a matrix of input observations, a represents the parameters and u represents one-sided error. Frontier estimations take u to have negative expectation, indicating the presence of (technical) efficiency. In the present case, u is taken to consist of two parts-a normally distributed error term that represents statistical noise and a truncated error term that represents technical inefficiency. Stochastic frontier functions isolate differences in efficiency and random differences among firms by dividing the error term into a deterministic component and a random one. Panel data estimations help in avoiding some strong assumptions. Under the fixed effects approach, there is no need to assume a probability distribution for the inefficiency index and it has the advantage of dispersing with the assumption that firm level inefficiencies are uncorrelated with input levels. The random approach, on the other hand, requires to assume that firm level inefficiencies and input levels are independent but unlike the fixed effects approach, it can accommodate time-invariate variables such as industry or firm dummies. The inefficiency component can be modeled as a function of a number of firm specific factors. Battese and Coelli, 1992 show the simultaneous estimation of both the production function and the inefficiency term. We have taken a two input production with value-added as a function of rental value of capital and salaries and wages as labor input. The values normalized by the appropriate price indices of producer and consumer prices. We have estimated a two input Cobb-Douglas production. The output is value-added (Y), capital input is rental value of capital (K) and labor input is salaries and wages paid (L). `t'
represents the year. The estimated production function is as follows: 
